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: ABSTRACT | 
During the summer and early fall of 1959, bottom sediment 


samples were collected and Sonoprobe records were obtained 
as a part of an inshore survey in Penobscot Bay, Maine. 


The Sonoprobe is described, its operation is explained, and its 
capabilities are discussed. 

In the investigation of the bottom and subbottom of Penobscot 
Bay, Maine, the geographic setting and bathymetry of the area 
are described, and the geologic history of the region and the 
previous work done in the area are reviewed. 

Survey observations are discussed and bottom sediment and 
Sonoprobe data are presented. 

Sediment data are compared and correlated with Sonoprobe 
records that were obtained over the bottom sample etauon 
locations. 


Grain-size analyses were made on 168 bottom Gmples and 
approximately 70 miles of Sonoprobe runs were recorded. 


FOREWORD 


This report presents the results of the correlation and comparison 
of the bottom and subbottom sediment samples and the high resolution 
subbottom profiler records taken during 1959 in Penobscot Bay, Maine. 
The results of the correlation and comparison of the bay sediments 
with the high resolution subbottom profiler records have aided consid- 
erably in the understanding and interpretation of the complex sequence 


of events that may have occurred over the recent past in this typical 


estuary of the glaciated northeastern coast of North America. 
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1. INTRODUCTION 


As part of the inshore survey of Penobscot Bay in the summer and early fall 
of 1959, many grab samples, cores, and Sonoprobe records of excellent quality 
were obtained. This report attempts to utilize the bottom and subbottom data, 
oceanographic information, and historical data to arrive at an overall picture of 
past and present sedimentation in Penobscot Bay. Particular emphasis is placed 
upon the use and evaluation of the Sonoprobe as a tool for obtaining geological 
data. 


Il. THE SONOPROBE 
A. General 


The Sonoprobe, manufactured by Scientific Service Laboratories, is an 
instrument for measuring the depth of water and the depth and thickness of sedi- 
mentary beds beneath the sea bottom by acoustic means. The parameter measured 
is the time lapse between the outgoing signal and the reflected signal. Signals 
are pulsed at a rate of 12/sec. The reflections are recorded on chart paper which 
is drawn through a recorder. As the survey ship passes over the bottom, a contin- 
uous trace of bottom and subbottom reflections is recorded. 


B. Instrument Operation 


The Sonoprobe consists of two hull mounted transducers; the transmitting 
transducer and the hydrophone, and four deck units; the Pulser, the Control- 
Display Unit, the Recorder, and the Precision 60-cycle Power Unit (Plate |). 


The pulser drives the transmitter at frequencies of 3, 4.5, or 6kc. The 
pulse duration is 0.3 millisecond, At the instant of discharge, voltages up to 
1000 volts and currents to 1000 amperes are attained. 


These high intensity pulses of acoustic energy are transmitted into the water 
from the magnetostrictive transducer mounted in the hull of the survey ship. The 
energy is peaked in the downward direction and forms a cone with approximately 
a 30° angle. Part of the signal is reflected at the water bottom,and part pene- 
trates the bottom material where it is absorbed or reflected by acoustic disconti- 
nuities in the subbottom sediments. The hull mounted hydrophone receives the 
energy of the reflected signals and converts it into electrical energy. 


Signals from the hydrophone are applied to the Control-Display Unit where 
they are filtered, amplified, displayed, and passed on to the recorder. The 
filters are variable and serve to eliminate ship's noise and other extraneous signals. 
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The signal from the filter is applied to the logarithmic type amplifier. Here, low 
level signals receive a higher gain than high level signals so that weak reflections 
may be recorded along with strong signals. The output from the amplifier passes 
to the level control and printing circuits where a means of selecting the smallest 
signal to be displayed and/or recorded is provided. 


The Recording Unit starts each cycle of operation and makes a record of 
signals received. The recording paper passes between a flat blade and a revolving 
drum that is wound with a single helix of wire. The pulse of acoustic energy is 
transmitted at the instant when a point connecting the blade and the wire is at 
the top of the paper; the zero depth position. The drum rotates at a rate so that 
each inch from the top of the paper represents 8 1/3 milliseconds of travel time. 
On the assumption that the velocity of propagation of the signal through seawater 
is 4800 ft/sec, each inch down the recording paper equals 20 feet of depth to a 
reflecting horizon. When a signal is detected by the hydrophone a spark passes 
between the blade and the wire on the rotating drum, at the point of contact, and 
a mark is made on the electrosensitive paper. The paper is 10 inches wide and 
lined in increments of 1/2 inch, each representing 10 feet of depth. 


The Precision Power Unit provides the regulated power necessary to drive the 
recording drum at the precise speed needed for synchronization of the system. 


C. Instrument Capabilities and Recordings 


Bottom penetration of the acoustic signal under favorable conditions of water 
depth and bottom type is 100 feet to perhaps a maximum of 200 feet. Soft mud 
bottoms permit the greatest signal penetration whereas clean sands and gravels 
reflect nearly all of the signal. The use of the instrument is believed to be limited 
to water depths of less than 700 feet. Although the instrument is limited in pene- 
tration capability, its usefulness is demonstrated by its high resolution of bottom 
and subbottom features. This high resolution is not equaled by instruments with 
greater penetration capability. 


The resolution capabilities of subbottom profiling instruments are dependent 
upon the frequency and pulse duration of the acoustic signal. It is possible to de- 
tect subbottom discontinuities as thin as 1/2 wave length of the acoustic signal. 
For the Sonoprobe, the wave lengths in water are 1.6 and 0.8 feet for the 3 kc.and 
the 6 kc.signals, respectively. The short pulse durations permit only a single cycle 
of a 3.8 kc. wave to be transmitted at each pulse. In practice the resolving power 
of the Sonoprobe is 1 to 3 feet (McClure, et.al., 1958, Moore, 1960). 


The calibration velocity of the instrument is 4800 ft/sec; therefore, the depth 
of the bottom and the layers beneath the bottom will be recorded at their true 


depths if the sound velocities of the media equal the calibration velocity. This 
value is a reasonable average velocity for seawater, and deviation from this figure 
will result in only slight depth errors in shallow water. In unconsolidated and 
porous sediments the sound velocity is different than the instrument calibration 
velocity, but here again the velocity differences are usually not great, and the 
thickness of sediment penetrated not large, so that errors in sediment thickness are 
not excessive for most applications. 


Recordings may be made at two scale settings: either normal or one-half scale. 
Changes in the scale settings do not change the vertical scale of 1/2 inch per 10 
feet, only the relative position of the zero line is affected. Using the normal set- 
ting, zero depth is at the top of the paper. At the one-half scale setting, the zero 
position is located at the 100-foot line of the normal scale, or the center of the 
recording paper. When the pulse is transmitted a black line is recorded directly 
beneath the zero position. 


Scale changes are made during a run in an attempt to keep the bottom and 
subbottom reflections in proper sequence on the recording. (In this report the repro- 
ductions of the Sonoprobe records have been adjusted so that the bottom trace is 
continuous regardless of scale changes.) In general, the water bottom, subbottom 
reflections, and bedrock can be recorded in the 200-foot span of the recorder . 
Multiples may, however, overlap the trace of actual bottom and subbottom features. 
Multiples occur when the original reflected signal is again partly reflected at the 
water-air interface or other reflecting surfaces above the horizon in question. 

This energy is then directed downward to start another cycle and to be eventually 
recorded. In most cases the multiples are easily distinguished (section V, C below), 
but they may become a problem in shallow water where the bottom and subbottom 
features are horizontal . 


In operation, various frequencies and filter settings are used to obtain the best 
penetration and subbottom definition. Many of the notations on the records refer 
to these changes. The effects of these changes are monitored on the display scope 
mounted on the Control—Display Unit. When the best penetration is displayed the 
printing controls are adjusted to obtain the desired subbottom record. 


I]. THE SURVEY AREA: PENOBSCOT BAY, MAINE 
A. Geographic Setting 


Penobscot Bay is an estuary located in the central portion of the Maine coast 
that opens into the Gulf of Maine at 69°W. The bay, extending northward from 
the coastline at 43°58' N. to the mouth of the Penobscot River, is about 28 miles 
long. Of the many islands in the bay, Long Island, North Haven Island, and 


Vinalhaven Island are the largest. These islands divide the bay into East 
Penobscot Bay and West Penobscot Bay. 


B. Bathymetry 


The bathymetry of the bay and its approaches, shown in Figure 1, was taken 
from Coast and Geodetic Survey (C& GS) charts 310, 311, 313, and 322 and is 
plotted on a base taken from C& GS chart 1203. The bottom of the bay is very 
irregular with many isolated highs and depressions. South of the latitude of Rockland, 
the bay deepens rapidly to a maximum of about 540 feet and shoals to 250 feet 5 miles 
farther south. A possible continuation of this basin may be the channel curving to 
the southeast as suggested by the contours. The topography in the approaches to 
Penobscot Bay is also very irregular ,but depths gradually increase toward the Gulf 
of Maine where the bottom topography is similarly very irregular (Murray, 1947). 


C. Geologic Setting and Previous Work in the Area 


The shores and islands of Penobscot Bay consist of argillaceous metasediments, 
limestone, quartzite, and intrusive and extrusive acid and basic igneous rocks, all 
of Early and Middle Paleozoic age (Bastin, 1908). These rocks usually are exposed 
along the shores of the bay and its approaches and are only thinly covered with 
glacial and postglacial deposits elsewhere in the region. 


Relatively little is known of the glacial and postglacial history of Maine. 
Problems that have not as yet been resolved include: the southern limit of glaciation, 
the number of glaciations, the duration of glaciation, and the number and extent of 
sea level changes during late glacial and postglacial time. 


It is believed that there were at least two major glacial advances over Maine 
during the Pleistocene. The glaciation apparently did not result in a drastic alter- 
ation of the original topography (Johnson, 1925). The soil and weathered bedrock 
were removed, but large scale ice erosional features are generally lacking. 


The evidence for the two glacial advances rests primarily on two sequences of 
marine sediments, one preceding and one following esker formation. The sequence 
of deposits from the youngest to the oldest is as follows: (Leavitt and Perkins, 1935) 


Marine sediment . 

Drift, including eskers. Ice flow south. 

Marine sediments. Sediments deformed as though by bergs . 
Drift, including eskers. Ice flow southeast. 


Flint (1953) suggests that the older drift is part of the lowan-Tazewell Complex and 
that the younger drift represents the Cary substage of the Wisconsin glaciation. The 
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FIGURE 1. PENOBSCOT BAY BATHYMETRY 
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Cary drift border passes into the sea at Boston and probably lies in the Gulf of Maine. 
Pollen profiles from Aroostock County, in northern Maine, seem to indicate that the 
Cary Ice Sheet was the last to occupy Maine and that the Late Wisconsin Mankato 
Ice Sheet probably did not extend farther south than the northern part of the state 
(Deevey, 1951; Flint and Deevey, 1951). Its proximity is reflected by a return of 

a tundra type climate to northern Maine. 


Following, or possibly concurrent with, the retreat of the last ice sheet from 
southern Maine, the sea advanced over the isostatically depressed coastal area. 
Leavitt and Perkins (1935) believe that the sea reached a maximum of 300 feet above 
present sea level at Searsport. Other evidence by Deevey (1951) and by Bloom (1959), 
working in southwestern Maine, indicates that this figure is of the right order of mag- 
nitude. Radiocarbon dating of marine shells at Waterville, Maine, gave a date of 
11,800 +240 years B.P. for the time of maximum submergence (Bloom, 1959, p.80). 
This date is probably applicable to the Penobscot Bay region, and it closely corre= 
sponds to the Two Creeks Interval; the Cary-Mankato Interval. 


Isostatic recovery of the depressed land areas following deglaciation resulted in 
a retreat of the sea. Bloom (1959, p.85), interpreting a pollen profile (Deevey, 
1951) from Muddy Pond in Kennebec County, believes that emergence was in prog- 
ress 7,000 to 8,000 years ago. Emergence may have continued until sea level was at 
least 35 feet below present level (Bloom, 1960). Bloom (1960) states that sea level in 
Maine has been at =10 feet for the past 6,000 years. Flint and Deevey (1951) cite 
a former emergence of 15 to 30 feet at the Boylston Street fishwier site in Boston. 
Radiocarbon dates place this emergence at about 5,700 years B.P. and submergence 
about 3, 850 years ago. The dates and extent of postglacial emergence in coastal 
Maine are still not known precisely. The coast of Maine is currently undergoing 
gradual submergence (Marmer, 1949). 


The glacial and postglacial sediments in the Penobscot Bay area have been de- 
scribed by Bastin (1908) and Smith, Bastin, and Brown (1907). The till in the region 
is thin and irregular, reaching a maximum of 40 to 50 feet in valleys and depressions. 
Outwash sands and gravels are rare in the southern part of the area, but they become 
more abundant to the north. These deposits lie on fresh bedrock. 


The transgression of the sea resulted in the deposition of the marine clays so prev- 
alent in southern Maine. The clays are described by Bastin (1908) to be yellowish 
gray to blue gray, very fine grained, and free of pebbles and sand. The clays are com- 
monly 15 to 35 feet thick, but 50- to 75-foot thicknesses are known from wells. The 
clays are found in river valleys as far as Bangor, 25 miles north of Searsport. Accord- 
ing to Bastin (1908), the clays represent "old clam flats." This view is supported by 
Goldthwait (1949) inasmuch as the clays are found only in the lower portions of valleys 
and have a well defined topographic upper limit in any given area. These clays are 


probably shallow water deposits similar to marsh or mudflat deposits that were laid 
down during the transgressive phase of the submergence. 


Bloom (1959), working in southwestern Maine, applied the name Presumpscot For- 
mation to the late glacial marine clays of southern Maine. In the southwestern part of 
the state, the clays are gray to blue-gray, thick to thin bedded, silty clays separated 
by thin laminae of silt or fine sand. True varves are not found, but rhythmic bedding 
is common. In some locations, boulders, apparently ice-rafted, are found imbedded 
in the clays. Bloom believes these clays to be “glacial rock flour," The clays are 
sandier than those found in the Penobscot Bay region. 


IV. SURVEY OBSERVATIONS 
A. Oceanographic Observations 


During the survey period August to October 1959, observations of temperature, 
salinity, and currents were made in the bay and its approaches. The saline wedge 
was only weakly developed during this period, but a gradual headward movement 
of the saline bottom water and a net seaward flow of the fresher surface water were 
observed. In the southern part of the survey area, current observations showed an 
ebb and flood of the bottom water with the flood predominating. The maximum observ ~ 
ed flood velocity of the bottom water was 0.7 knot off Rockland. The average was 
considerably less. Farther north there was a very weak flood, and fn the northern 
extremity of the bay, bottom currents were below the threshold of the current meter. 


Current observations in the upper layer of water showed a flood and an ebb at 
nearly all locations with the ebb predominating. The currents were weaker in the 
north but reached a maximum ebb of 1.0 knot off Rockland. 


In other seasons of the year, during periods of greater river discharge, current 
speeds greater than those observed during the survey period can be expected. Dur- 
ing periods of peak discharge for the Penobscot River, April and May, the river flow 
is many times greater than during August and September (U.S .G.S. Water Supply 
Paper, 1947). 


The tidal range in the Bay is large. The mean range exceeds 9 feet in the south 
and 10 feet in the north. 


During the survey period seaand swell conditions in the area were very moderate. 
During the winter months, however, sea states can become severe, especially, in the 
unprotected approaches to the bay. At these times, wave action probably extends to 
the bottom in a large portion of the approaches to the bay and in the southern portion 
of the bay proper. 


B. Bottom Sampling 


In Penobscot Bay and its approaches, 143 grab samples and 74 cores were taken. 
Station locations are shown in Figure 2. The grab samples were taken with an orange 
peel sampler. Most of the cores were obtained with amodified Kullenberg piston 
corer using a 12-foot core barrel. A few Phleger gravity cores were attempted 
where it was suspected that the sediment cover over bedrock was thin. In general, 
excellent undisturbed Kullenberg cores were obtained. Full penetration and a high 
percentage of recovery was the rule. Stratification in the cores was nearly always 
horizontal, and only a few instances of sucked, pulled-apart, or otherwise disturb- 
ed cores were found. 


All samples were analyzed by the U.S. Naval Oceanographic Office Geolog- 
ical Laboratory for grain-size distribution using the standard wet-sieve and pipette 
methods. The cores were sub-sampled where color or grain-size changes were noted 
or suspected. Samples were taken above and below such changes. In homogeneous 
cores the sampling interval was usually about 24 inches. It should be noted that at 
the time the samples were analyzed the cutoff from silt to clay was at 9¢ (0.002 mm) 
in accordance with engineering procedure instead of 8 (0.004 mm) which is cus- 
tomary with geologists. The result is that many samples on the analysis sheets (see 
the Appendix for the analysis sheets) are classedas clayey silts rather than silty clays 
as they would have been_ if geological usage had been followed. The usage fol- 
lowed in the text, diagrams, and charts, makes the silt-clay separation at 8g. The 
8 values were obtained from cumulative curves not presented in this report. Grain- 
size determinations were not carried beyond 94; consequently the third quartile for 
very fine sediments was not reached and statistical measures could not be obtained. 


C. Sonoprobe Runs 


The Sonoprobe runs were made with the instrument mounted aboard the USS 
LITTLEHALES (AGSC-15). Runs usually were made at speeds of 3 to 5 knots andat 
various chart speeds. For this reason, the horizontal scale of the recordings varies 
from run to run. The vertical exaggeration of the records ranges from 15 to 60 times. 
For convenience, horizontal lines representing 500 yards have been drawn on the 
records reproduced in this report. 


Eleven Sonoprobe runs were made in the survey area for a total of 70 miles of 
tracks. In addition, short runs were made at most of the coring sites. Deep pene- 
tration and excellent definition of subbottom features were achieved on most of the 
runs. 
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The Sonoprobe tracks for runs | through V and VII through IX are presented 
in Figure 3, and the fix locations are given in Table |. In the approaches to 
the bay, the Sonoprobe track locations and many of the grab sample positions 
are classified and are not given in this report. The grab sample data from the 
classified area are included in the graphs and the analysis of the data, but the 
positions and analysis sheets are excluded from this report . 


Strip charts of 10 of the Sonoprobe runs are presented in Figures 4 through 
14. Sonoprobe run X parallels a portion of run XI and is therefore excluded. 


The Sonoprobe runs at selected bottom sample stations are presented in Fig- 


ures 15A through 15E.. 
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TABLE | 


PENOBSCOT BAY 


Sonoprobe Run Fix Locations 


Long. W. 
68°54'55" 
68 53 52 
68 52 38 
68 51 30 
68 50 30 
68 50 22 
68 50 55 
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V. ANALYSIS OF SURVEY DATA 
A. Sediments of Penobscot Bay 


For convenience in discussing the bottom sediments, the survey area was 
arbitrarily divided into five parts as follows: 


1. Northern part of the bay. 
North of 44°20'N . 


2. Central part of the bay, including West Penobscot Bay and 
the northern part of East Penobscot Bay. 
44°20' to 44°10'N. 


3. Southern part of the bay, excluding East Penobscot Bay. 
44°10! to 44°05'N. 


4. The entrance to the bay. 


44°05' to 44°00'N. 


5. The approaches to the bay. 
South of 44°00'N. 


In general, from Searsport to south of Rockland the sediment cores were silty 
clays. South of 44°05'N., in the entrance and approaches to the bay, the fine- 
grained sediments were confined to depressions between bedrock or bedrock thinly 
covered with sand or gravel. 


The fine-grained sediments are olive-gray, silty clays with very small amounts 
of fine sand and occasional pebbles. The cores, most of which were over 10 feet 
long, were usually uniform in color and grain size. Over two-thirds of the cores, 
however, contained thin beds and laminae of dark gray to black material. They 
usually occurred in the top foot, the top and bottom, and also throughout the length 
of several of the cores. Samples of the dark layers showed little textural difference 
with surrounding sediments. It is suspected that the dark color is due to small amounts 
of organic material. Analyses, however, were not made to determine the organic 
content of the samples. After drying, the dark layers could not be detected in the 
core. 


Small percentages of shell, usually as broken fragments scattered throughout 
the core rather than confined to particular layers or zones, were found in many of 
the cores. Open worm burrows were found in several cores. The worm burrows 
crossed color and textural changes without destroying the stratification of the sed- 
iments. Small amounts of woody material also were found in a few cores. 
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Textural changes, in the fine-grained cores, consisted of thin laminae and 
lenses of silty and sandy material, soft liquid zones, and thin layers of hard bluish- 
gray clay. Some cores contained layers, blebs, or balls, composed of hard, seem- 
ingly dry, yellowish to brownish clayey silt and silty clay, in many cases banded 
and/or stained with limonitic material . 


Cores containing coarser grained material and more pronounced textural changes 
than those mentioned above came from the northern part of the bay between Long 
Island and Searsport and the entrance to the bay. 


Between Searsport and Long Island several of the cores contained relatively 
thick layers of sand and silty sand with scattered pebbles and pebbly zones. The 
sediments tended to increase in coarseness toward the bottom of the cores. Shallow 
penetration of the corer and the loss of the lower portion of some of the cores also 
were indicative of coarser sediments with depth below the bottom in this area. 


In the entrance to the bay, the cores generally showed more variability than 
in the northern part of the bay; however, the changes were not as marked, and 
the cores were finer grained on the whole. Core 190, taken on the eastern slope 
of the topographic depression in the entrance to the bay, contained many slightly 
sandy, silty-clay layers which had a sharp lower contact and graded upward into 
silty clay or finer texture. Core 126 from West Penobscot Bay also displayed this 
type of bedding. The cores showing this weakly graded bedding may owe this con- 
dition to the settling of a slurry of sediments which were thrown into suspension 
by slumping of earlier deposits . 


The coarse-grained sediment cores sampled in the north-central part of the bay 
reflect the nearness to the source of sediment, the Penobscot River. The cores are 
finer grained at the top indicating a decrease in energy conditions with time at the 
site of deposition. The finer grained cores with less significant changes in lithol- 
ogy are found in the remainder of this northern sector of the bay. Many of these 
cores contained open worm burrows and fragments of wood, as well as thin beds of 
coarser material. These features suggest shallow estuarine or tidal flat environments 
with rapid deposition taking place periodically (Hantzschel, 1939). 


In the central and southern parts of the bay, the sediments are generally fine 
grained and uniform with depth below the water bottom. These sediments represent 
deposition under relatively uniform environmental conditions upon which were 
superimposed small scale and short lived variations. These fluctuations in the 
environment account for the silty and sandy laminae found in many of the cores. 
The black laminae found in nearly all of the cores from this portion of the bay may 
be due to increased rates of deposition. The uppermost layers of estuarine sediments 
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commonly develop a vertical profile related to chemical and biological activity 
(Nelson, 1962). The result is a thin layer of oxidized, semi-fluid sediment lying 
over a thin layer of darker sediments where microbiological activity is at a peak. 
Rapid burial of this profile could lead to its preservation and may be represented in 
the cores from Penobscot Bay by the black layers and laminae . 


In the entrance to the bay, little marine sedimentation has taken place relative 
to the northern areas. Most of the fines, which may have been present orginally, 
have been removed from the shallower areas by wave action and currents and depos- 
ited in the deep basins and depressions or carried away from the area. The many 
vertical changes in the cores reflect frequent short period changes in energy condi- 
tions over the past. 


To aid in the interpretation of the present sedimentary regime of the surveyed 
area, the percentages of sand (including pebbles), silt, and clay found in the top 
2 inches of the cores and in the grab samples were plotted to show the relationship 
of sediment type with distance from the northern part of the bay (Fig. 16) and to 
show any dependence of the median diameters of the sediments upon depth of water 
(Fig. 17). The surface sediment graphs show an increase in the percentage of sand 
to the south, but they show little relationship between grain size and water depth 
except for a slight trend toward finer sediments with depth in the approaches to the 
bay. Apparently toward the south, the increasing energy conditions, wave agitation 
and currents, are more important in the most recent bay sedimentation than proximity 
to the Penobscot River. The sedimentary data seem to indicate that the major geo- 
logic process in Penobscot Bay is the reworking of previously deposited sediments . 
This is characteristic of many estuaries. The amount of sediment in suspension in 
bay waters often exceeds that in the river or in the open sea adjacent to the bay. 


At many of the grab sample stations, the surface sediments consisted of two 
layers: a thin upper layer of olive-gray sediments over olive-black sediments. The 
upper layer was liquid and seemed to contain more silt and fine sand than the sedi- 
ments below. (These features were observed in the field and are not shown in the 
laboratory analysis.) There are two areas where the surface sediments consisted 
of two layers. One extends roughly from the middle of the central segment of the 
bay to the entrance off Rockland, and the other consists of a few locations in the 
approaches to the bay. To the north of the major area of two sediments, the surface 
sediments are olive black, but in the approaches to the bay where the two layers 
were not found, the sediment color was olive gray. This distribution did not show 
any obvious dependence on depth — only distance from the hay head was significant. 


A possible explanation for these features of the surface and near surface sedi- 
ments is that the finer fraction is being winnowed from previously deposited sediments 
in a zone extending from the central sector of the bay through the approaches. The 
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fine fraction may be partly carried out to sea and partly transported toward the head 
of the bay by the bottom water to be deposited in the northern part of the bay and 
on mud flats (Guilicher, 1958, p.101; Johnson, 1925, p.572). 


Oxidation of the agitated surface sediments may yield a lighter colored sedi - 
ment, and the extraction of the fines leaves one that is coarser than the original . 
The dark sediments in the northern sector probably indicate fine-grained sedimenta- 
tion at present. Other explanations of the present sedimentary regime may be possible 
however . 


At stations 29, 90, 128, 174, 178, and 189, masses and broken fragments of 
hard silty clay were found lying upon or partially mixed with the surface sediments . 
(These fragments were removed from the samples in the field.) The hard clay oc- 
curred in curled and contorted plates, irregularly shaped masses, and angular 
broken fragments. Some of the unfragmented samples are shown in Plate Il. The 
outer surfaces varied from hard, dark reddish-brown, to a soft, gray, sticky-clay 
surface coating. The internal structure varied from banding parallel to the outer 
surface, to massive and relatively structureless for the less hardened globs. The sam- 
ples were generally riddled with holes, some apparently the result of solution or 
erosion; however, most of the holes were formed prior to hardening and were caused 
by burrowing organisms and by roots growing in the soft mud. Many of the holes 
were encircled by bands of altered clay. 


The material was formed subaerially, probably on mud flats which supported 
burrowing organisms and vegetation. The conditions leading to the development of 
this material probably involved drying to form mud cracks and decaying of the vege- 
tation originally growing in the mud. The decay of the plant roots caused oxidation 
of the surrounding mud. The oxidation of the iron in the mud will account for the 
color, banding, and hardness of the material (Rousseau, 1934). 


These deposits of hard clay may have arrived at their present position by flotation 
on vegetation, ice-rafting, or rolling under certain conditions. Subsequent deposition 
under water would result in fragmentation of most of the hardened masses due to differ- 
ential expansion as the center of the mass became wet (Twenhofel, 1950, p.593). 


In their present locations the hard-clay masses were found with crusts of bryo- 
zoans and some attached brachiopods. Little, if any, sedimentation is presently 
taking place at these locations. Zones and isolated occurrences of similar hard clay 
were found in many of the cores. 


B. Sediment-Sonoprobe Correlation 


Direct correlation of vertical changes in sediment type and Sonoprobe sub- 
bottom reflections was difficult in this area in spite of the numerous cores and grab 
samples obtained. Facies changes, however, could be determined fairly accurate- 
ly, and a determination of general sediment type, or lack of sediment, at a sampling 
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location was usually made before attempting to sample. In areas where the surface 
sediments were coarse grained, the deposits were found lying on bedrock. The high 
reflectivity of the coarse sediments and of the bedrock generally obscured the Sono- 
probe record, and the resolution was poor, and thicknesses could not be determined 
accurately. Where the sediments were thick penetration was good, but in these 
locations, the sediments were usually fine grained. A prominent subbottom reflection 
was found on most of the runs, but it was largely unverified by sampling be- 
cause of the short length of the corer and the excessive depth to the layer. Where 
the subbottom sedimentary layer was sampled, the sample contained coarse material, 
but the exact position of the reflecting horizon relative to the coarse material could 
not always be determined. Only cores 136, 137, 201, and 211 penetrated the sub- 
bottom layer as recorded on the Sonoprobe. 


Core 136 apparently consisted almost entirely of sediments from below the sub- 
bottom horizon. (See Figure 15 for the Sonoprobe runs over the coring sites and the 
Appendix for the analysis sheets.) The core was poorly sorted, muddy sand with the 
percentage of sand increasing toward the bottom. The core was pebbly at the top 
and at the bottom. 


The bottom of core 137 probably represents the top of the subbottom layer in 
this area. The core was silty and sandy to about 25 inches. Below this depth the 
core became moderately well sorted sands which increased in coarseness to the bottom 


at 108 inches. 


At location 201 the sediments were sandy muds and muddy sands becoming sand- 
ier toward the bottom. The material was all poorly sorted. The subbottom reflection 
at 4 to 5 feet below the bottom was reflected in the core by an increase in the median 
diameter of the sediments. Below this depth the sediments became muddy sands again. 


Core 211 probably just penetrated the subbottom layer. The core increased in 
coarseness from top to bottom. The top was silty clay, gradually becoming pebbl y 
and sandy at the bottom. The lowest portion of the core was slightly disturbed owing 
to the sucking action of the piston when a piece of wood became firmly wedged into 
the core retainer preventing further entry of sediment into the core barrel. 


Sandy cores showing fairly close correlation with the Sonoprobe reflections are 


130, 148, and 207. Table 2 presents a description of the core data and the corre- 
sponding Sonoprobe record for comparison. Generally the comparison is good for 
uniform cores and in areas where there were coarse sediments or bedrock at the water 
bottom. The sandy laminae and layers in cores consisting mostly of finer material 

did not show up on the records. These beds were usually too thin to be detected, 
and they contained high percentages of finer material which reduced the acoustic 
contrast between the sandy layers and the silty clays above and below. One reason 
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Sta. Type 
No. Sampler ! 
x91-1 K 
92-1 K 
93-1 P 
*93-2 K 
x94-1 OK 
x95-1 =P 
96-1 P 
x97-1 PP 
298-1  P 
*99-1 P 
100-1 OP 
101-1 OP 
102-1 OP 
103-1 OP 
104-1 OP 
105-1 OP 
106-1 OP 
107-1 OP 
108-1 OP 
109-1 OP 
110-1 OP 
111-1 OP 
112-1 OP 
113-1 OP 
x113-2. K 
114-1 K 
118-1 OP 
118-2. K 
122-1 OP 
123-1 K 
124-1 OP 
124-2. K 
125-1 K 
126-1 OP 
126-2. K 
127-1 K 
128-1 OP 
129-1 OP 
129-2 -K 
130-1 K 
131-1 K 
132-1 K 
133-1 K 
*134-2 OP 
135-1 OP 
135-2. K 
136-1 K 


Penetration Length of 


(ft .) 
3.5 


Core (in.) 
27 


96? 


121 


V5? 


92 
118 


TABLE 2 


Description of Bottom Samples and Remarks 


Mud becoming sand toward bottom. Some pebbles, 
shell, and woody material at bottom. (Sample 
disturbed. Core catcher dented.) 

Pebbles in core catcher. (Cutter and core catcher 
smashed .) 

Clayey silt. 

Clayey silt. 

Fairly uniform core of silty clay, 


No sample. (Dented cutter .) 
No sample. (Lost core cutter.) 
3" sandy mud over clayey silt. 


No core, pebbles and sand in core catcher. 
(Cutter dented.) 

No sample. 

Pebbles and sand. 

Pebbly sand. 

Sand with some pebbles. 

Pebbles and sand with some shell. (Required 
three lowerings of sampler .) 

Silty sand and broken shell. 

Pebbly sand. 

Pebbly sand with some silt and shell. 


Sandy mud and some shell. 


Clayey sand . 
No sample. (Lowered sampler twice .) 
No sample. (Lowered sampler twice .) 


No sample. 


Large pebbles with some mud. 
Clayey silt. 


Clayey silt with shell scattered throughout. 
Slight increase in sand from 22-27". Soft 
areas 58-59" and 72-73". 

Uniform core of silty clay. Shell scattered 
throughout . 

Pebbly sand . 

No sample retained. (Core greatly disturbed.) 


Silty and pebbly sand. 
Uniform core of silty clay. 


Silty clay. 


Uniform core of silty clay except 78-108" where 
the core is less consolidated, 

No sample. (Core greatly disturbed .) 

Silty mud. 

Silty clay with thin lenses of sand. Last 22" 
distorted and probably disturbed. From 90 inches 
sand content increases. 

Silty clay, last 15 inches unconsolidated. 


Silty mud. 
Clayey mud. 


Sandy and pebbly mud to about 24 inches, where 
the amount of sand and pebbles decreases, to become 
pebbly again in the last 4 inches. 

Silty clay with zones of soft material and hard clay. 
Becomes sandy below 60 inches. 

Fairly uniform silty clay becoming softer toward the 
bottom and soft zones throughout . 

Fairly uniform core of silty clay. 

Uniform core of silty clay with scattered shell . 


Muddy sand and pebbles. (Kullenberg core 
penetrated 2-3 feet.) 

Silty clay. 

Uniform silty clay. 

Silty sand on top becoming increasingly sandy 
below 6 inches. Pebbles throughout . 
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Description of Bottom Samples and Corresponding Sonoprobe Record 


Description of Corresponding 
Sonoprobe Record 


Bedrock overlain by thin layer of sediments. 


Much like location 91. 
Coarse sediments. 


Sediments. Layer 12' below bottom and bedrock 
58 feet below bottom. 

Bedrock bottom. 

Bedrock bottom. 

15 feet sediments over bedrock. Sb at 12 feet 
below bottom. 

Bedrock bottom. 


Bedrock bottom. 

Layer of sediments over bedrock. 

3 foot layer of sediments over bedrock. 
Bedrock with a thin layer of sediments. 
Bedrock bottom. 


Bedrock bottom. 

Coarse sediments over bedrock . 

Coarse sediments over bedrock. To 20 feet 
penetration. 

Sediments over bedrock, over 20 feet penetration. 
Sediments probably thin. 

Thin layer of sediments over bedrock. 
Bedrock. 

Seems to be thin layer of sediments over 
bedrock. 

Bedrock with a thin layer of sediments. 

Thin layer of sediments over bedrock. 
Scattered reflections to Sblayer 22 feet below 
bottom. Bedrock return discontinuous . 


Sediments. 


1-2 feet of sediments over coarse material or 
bedrock.” 

Coarse sediments. Up to 12 feet penetration. 
Fine grained uniform sediments. Penetration to 
Sb at 48 feet. 

Uniform sediments. Penetration to over 50 feet, 


Sb at 28 feet. 


Bedrock . 
Thin layer of sediments over bedrock. 


Uniform sediments. Penetration to about 90 feet. 
Seems to be coarse till or bedrock. Sb at 20 feet. 
Bedrock with several feet of sediments above. 
Layer of coarse sediments over bedrock. Layer at 
4 feet below bottom. 


Faint layers at 5 feetand 12 feet. 
about 20 feet. 

Maximum penetration about 80 feet. Sb layer at 

M4 feet. 

Uniform sediments . 

Uniform sediments. Penetration to over 80 feet. 

Sb at 20 to 50 feet. 

Thin layer of sediments over bedrock. Reflector 

ot 3 feet. 

Fairly uniform sediments. Penetration to about 60'. 


Penetration 


Sb layer over bedrock. Bedrock possibly 10 feet 
below bottom. 


Sta. 
No. 


137-1 


137-2 


+138-1 


139-1 
140-1 


*141-1 
142-1 


143-1 
144-1 
145-1 


146-1 
+148-1 


149-1 
150-1 
151-1 


4152-1 


153-1 
154-1 
*155-1 

156-1 


157-1 
158-1 
160-1 


161-1 
162-1 
163-1 
164-1 
165-1 
*166-1 


167-1 
168-1 
169-1 
170-1 


171-1 
172-1 
#173-1 


174-1 
175-1 
176-1 
177-1 


179-1 
180-1 
181-1 
182-1 
183-1 
184-1 
#185-1 


186-1 
187-1 


188-1 
189-1 
*190-1 


191-1 


Type 
Sampler 


OP 


K 


oP 
op 


Penetration Length of 


(ft .) 


11 
i 


12 
12 


Core (in.) 


108 


92 


124 


122 
119 


125 
126 

24 
124 


125 
125 


121 


127 
126 


116 


TABLE 2 (Continued) 


Description of Bottom Samples and Remarks 
Clayey silt 


Silty clay to 8", clayey mud with pebbles to 12", 
silty clay to 16", sandy mud with pebbles to 25", 
siltysand to bottom of core. 

Clayey mud to 39",.silty sand to 54", sandy mud to 
71", and silty sand to 99". 


Clay silt with sandy layers at 86 to 100 inches. 
Uniform silty clay. 


Silty clay with numerous hard clay balls, hard clay 
layers, sand zones and pebbles. 


Silty clay with sandy zones at 0-4 and 18-20 inches. 


Hard clay layers below 74 inches. 
Pebbly sand. (Not Lab. analyzed.) 
Pebbly sand plus rounded cobbles. 
Silty clay with shell and worm burrows. 


Fairly uniform silty clay. 


Silty clay with varying amounts of sand to 38 inches, 


pebbly to 41 inches. Less sand below 41 inches. 
Uniform core of silty clay. 

Uniform core of silty clay. 

Silty clay to 12 inches, rest of core sandy and 
pebbly. (Lower portion of core lost from corer .) 
Uniform clayey silt with occasional pebbles. 


Uniform core of silty clay. 

Core of hard and soft, silty clay and clayey silt. 
No sample. 

Uniform silty clay, unconsolidated from 97 to 107 
inches. 


Uniform core of silty clay. 

Uniform core of silty clay. 

Silty sand. (Cutter smashed. Corer penetrated 
1 1/2 feet. No core.) 

Silty sand. 

No sample. 

Sand. 

No sample. 

No sample. 

Pebbly sand. Sample from core catcher, fines 
washed out. 

No sample. (Sampler lowered twice.) 

No ‘sample. 

Clayey sand with pebbles and shell . 

Clayey sand with pebbles and a high percentage 
of shell. (Sampler lowered twice.) 

Clayey sand with pebbles and shell. 

No sample. 

No sample. (Sampler lowered three times.) 


Sandy mud and pebbles. 

Pebbly sand with a high percentage of shell. 

No sample. (Sampler lowered twice.) 

Clayey sand, (Corer penetrated 4 feet, no sample 
retained.) 

Clayey silt with hard, soft, and sandy zones. 
Clayey silt with sandy zone at top. 

Alternating clayey silt, sandy mud and clayey silt. 
Sand with larger rock fragments. 

Pebbly sand with a high percentage of shell. 
Clayey sand. 

Sand and pebbles grading downward to silty mud. 
(Corer penetrated 4 feet.) 

Clayey sand plus one rounded cobble. 

Clayey sand with pebbles and larger subround rock 
fragments . 


Pebbly sand and some larger rounded rock fragments. 


Sandy mud. 
Clayey silt and silty clay with many thin layers of 
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Description of Corresponding 
Sonoprobe Record 


Sediments over Sb layer at 8 feet. Faint layers at 
1.5, 4, and 6 feet. 


Scattered reflectors from 5.5 to 12 feet below bottom 
Reflecting horizons from 18 to 45 feet. Bedrock not 
penetrated at core site, but probably 60 to 80 feet 
below bottom. 

Non-uniform sediments over Sb layers at 13 and 21' 
Non-uniform sediments over Sb layer at 18’ below 
bottom. Maximum penetration to 30 feet. Bedrock 
not shown, 

Non-uniform sediments, many scattered reflectors to 
22 feet below bottom. 

Layer at about 2 to 3 feet. 


Bedrock bottom. 

Thin layer of sediments over bedrock . 

Uniform sediments. Sb at 16 feet. Bedrock may be 
at 140 feet below bottom. 

Uniform sediments. 

Faint layers at 2.5 to 3, 5, and 15 feet. 


Uniform sediments. 
Fairly uniform sediments. 
Sediments over bedrock. 


Uniform sediments above Sb. Sb at 25'. 5 layers 
from 32 to 70 feet. 
Fairly uniform sediments . 


Non-uniform sediments over bedrock . 
Bedrock bottom. 


Uniform sediments . 


Uniform sediments. 
Uniform sediments. 
Sediments over bedrock. 


Bedrock with a thin layer of sediments. 
Bedrock bottom. 

Bedrock bottom. 

Bedrock bottom. 

Bedrock bottom . 

Coarse sediments. 


Bedrock. 

Bedrock or coarse sediments. 

Bedrock with some sediments. 

30 feet penetration. Possibly coarse sediments 
over bedrock, 

Coarse sediments over bedrock . 

Bedrock bottom. 

Bedrock or coarsesediments, to 35 feet of 
penetration, 

Bedrock with cover of sediments. 

Bedrock. 

Sediments to possibly 25 feet over bedrock. 
Sediments of variable thickness over bedrock . 


Uniform sediments. 
Fairly uniform sediments . 
Uniform sediments . 
Bedrock. 

Bedrock. 

Sediments over bedrock. 
Non-uniform sediments. 40 feet of penetration. 
Thin layer of sediments over bedrock . 

Possibly 20 feet of sediments over bedrock. 


Coarse sediments. 
Some sediments over bedrock. 
Fairly uniform sediments. 


sandy material and hard clay. (Core slightly disturbed .) 


Uniform clayey silt. 
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Fairly uniform sediments. 


Sta. Type 
No. Sampler 
192-1 =K 
193-1 K 
194-1 K 
195-1 K 
196-1 K 
197-1 O 
198-1 K 
199-1 K 
*200-1  K 
x201-1 K 
202-1 K 
203-1 K 
*204-1  K 
*205-1 K 
*206-1 K 
*207-1  =K 
*208-1 K 
*209-1 K 
210-1 K 
211-1 K 
212-1 K 
213-1 K 
#214-1  K 
215-1 K 
216-1 K 
217-1 K 
] 


K. . . Kullenberg Sampler 
P.. . Phleger Sampler 


Penetration Length of 


(ft .) Core (in.) 


13 


12 
12 
12 
12 


109 


121 

85 
119 
120 


107 


TABLE 2 (Continued) 


Description of Bottom Samples and Remarks 


Uniform silty clay. 


Uniform silty clay. 

Uniform silty clay. 

Uniform silty clay. 

Fairly uniform silty clay. 

Silty mud. (Sampler lowered twice .) 


Fairly uniform silty clay. 


Uniform silty clay. 


Uniform silty clay. 


Clayey silt at top becoming sandy with depth in 
core. Sandy mud from 48 to 64 inches. Scattered 
pebbles throughout. 

Uniform silty clay. 

Uniform silty clay. 

Uniform core of silty clay. 

Uniform core of silty clay. 


Uniform core of silty clay. 


Clayey and silty mud to 48 inches. Below 48 inches 
sand and pebble content increases . 


Silty clay to 82 inches, sand and pebble content 


increases to 104 inches, silty clay to bottom of core. 


Silty clay with increasing amounts of sand and some 


pebbles to 38 inches. 38 to 55 inches of clayey silt. 
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Description of Corresponding 
Sonoprobe Record 


Fairly uniform sediments. Sb at 50 to 60 feet and 
appears to be coarse sediments . Penetration to 110 ft. 
Fairly uniform sediments . 

Uniform sediments. 

Fairly uniform sediments . 

Probable layer at 2 feet. 

Thin layer of sediments over 

bedrock . 

Uniform sediments. Sb at 33 feet and bedrock at 
about 40 feet below bottom. 

Faint layer at from 3 to 8 feet below bottom. Sb 
layer at 30 feet and bedrock at about 55 feet below 
bottom. 

Fairly uniform sediments. Sb pinches out over bed- 
rock at 15 to 18 feet below bottom. 

Layers at 4 and 5.5 feet. Bedrock at 8.5 feet below 
bottom. 


Uniform sediments. Sb 22 feet below bottom. 
Uniform sediments . 

Uniform sediments . 

Possible layer at 5 feet, Sb layer about 20 feet below 
bottom. 

Uniform sediments. Sb layer at 33 feet and bedrock 
about 75 feet below bottom. 

Faint layer at 4 feet. 

Layer at 9 feet, bedrock at 20 feet below bottom. 
Uniform sediments to Sb at 12 feet, bedrock at 28 
feet below bottom. 

Possible layers at 7 and 10 feet below bottom. 


Fairly uniform core of silty clay. Increased amount of 6layers between 15 and 50 feet, very faint. 


sand at bottom. 
Silty clay to 40 inches, sand increasing with depth. 
40 to 94 inches sandy silt becoming pebbly sana at 


Layer at 6 feet below bottom. 


bottom. (Lower portion of core disturbed, fines probably washed out .) 


Uniform core of silty clay. 

Uniform core of silty clay. Sandy at bottom. 

Silty clay with silty and sandy lenses and hard clay 
zones to 44 inches. 44 to 118 inches silty clay with 
a few silty layers. 


Fairly uniform core of silty clay. 
Uniform core of silty clay. 
Uniform core of silty clay. 


ache « « Subbottom Horizon 
x Sonoprobe Record shown on Figures 15A Through I5E. 


OP. . Orange Peel Sampler 
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Possible layer at 2 feet, Sb at 18 feet below bottom. 
Layers at 10, 15, and 20 feet below bottom. 
Faint layers at 3.5, 7 and 10 feet below the bottom. 


Layers at 3.5 and 6 feet below bottom. 


Uniform sediments with a possible layer at 2 feet. 


why reflections recorded on the Sonoprobe while lying-to at a sampling location 
often could not be correlated with the core taken at the station is lack of lateral 
continuity of the sedimentary layers. Rapid lateral and vertical lithologic changes 
are to be expected in estuarine environments where daily and seasonal changes in 

the energy conditions affect the quantity and type of material deposited at any loca- 
tion. In some cases,an apparent sedimentary layer recorded by the subbottom profiler 
while on station at a sampling location may be due to side echoes from highly re- 
flective strata or a point source not directly beneath the ship. 


On nearly all of the Sonoprobe runs in the survey area, penetration to bedrock 
was achieved. The greatest depth of signal penetration to bedrock was about 110 
feet. Nevertheless, the thickness of the sediments in the center. of the bay opposite 
Rockland may have been somewhat greater since over 100 feet of penetration was 
achieved, yet bedrock was not encountered. 


The silty clays that make up most of the bay sediments permitted penetration 
to over 100 feet. There are indications that 20 to 40 feet of penetration is possible 
through a sequence of siltyeclay sediment that also contains sand layers which are 
several feet thick. Cores 130, 137, 138, and 211 all contained several feet 
of fine to coarse sand. Although the bedrock trace was not apparent on the Sonoprobe 
records at these stations, the acoustic signal had penetrated 15 to perhaps 40 feet be- 
low the bottom. At locations 129, 136, 148, 201, 207, and 209, the bedrock trace 
was faint, but the signal had passed through at least several feet of sand as shown by 
the cores. The sandy sediments were all poorly sorted and contained an average of 
30% silt-and clay-sized particles. The thickness of coarse material below the sampled 
depth down to bedrock is not known, but the acoustic signal had passed through the 
coarse material which lies in the zone of the subbottom reflecting horizon. 


C. Interpretation of Subbottom Records 
1. General 


In an attempt to utilize the Sonoprobe as a tool in understanding and determining 
the types and conditions of deposition of subbottom sediments, factors such as instru- 
ment capability, geologic history, and sedimentary data must be taken into account. 
With this knowledge of the instrument and the area under study, it is possible to 
know what can actually be determined with the instrument, what types of sediments 
are to be expected, and, more specifically, what the characteristic reflections and 
penetration are of these known surface and near surface sediments. Some of these 
factors were discussed in previous sections. 
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The bottom and bedrock beneath the bottom produce the strongest reflections; 
soft sediments allow the greatest penetration, and clean sands and gravels permit 
very little signal penetration. The detection of subbottom sedimentary layers 
depends upon the acoustic contrast of the horizon in question and the sediments 
above. The differences in acoustic impedance, producing the contrast between 
sediments, are mainly due to textural and density differences . 


The first problem encountered in interpreting subbottom records is to determine 
real echoes from multiple echoes and side, or ghost, reflections. Multiple reflections 
from the air-water interface can generally be resolved in as muchas the multiple 
will appear on the record at twice the depth of the true horizon,and any dip to the 
horizon will be shown on the trace at twice the apparent dip of the real horizon. 
Multiples due to reverberation or scattering of the sound in a very coarse sedimentary 
deposit is also a possibility. Reflections such as those on run | (Figs. 4, 5, and 6) be- 
tween marks G and N may be caused by a deposit of this type. This record shows 
a dark irregular zone of reflections. 


Side reflections are due to reflections from horizons or point reflectors not 
beneath the ship but in the insonified area. As an example, in 100 feet of water, 
the Sonoprobe will insonify an area beneath the ship to a distance of over 25 feet 
from the normal to the transducer. A point reflector on the bottom within this radius 
will be recorded as a reflection up to 3 feet below the water bottom. When steam- 
ing or drifting these side reflections may be recorded as an arcuate (concave down- 
ward) trace on the record. An example of these reflections may be seen in Figure 
7; mark N of run Il. Side reflections from a hummocky bottom are shown in Figure 
15A at station 51. 


Once the validity of a reflection is established, the nature of the reflecting 
surface can then be determined. The water bottom is the first reflecting surface and 
in this area may be sediments, coarse glacial deposits such as till or outwash, or 
bedrock. The nature of the bottom is determined from the Sonoprobe record by the 
depth of signal penetration and the topography of the bottom. A sedimentary bottom 
will generally have a smoother profile and allow greater penetration than bedrock 
or glacial till, depending upon the grain size of the sediment. A bedrock bottom will 
show considerable relief and will reflect nearly all of the signal, giving a dark bottom 
trace with little if any penetration. Coarse sediments over bedrock are more diffi- 
cult to determine. The topography and character of the reflections are similar to 
those obtained over bedrock. Bottom sampling in this case usually resolves the prob- 
lem only to the extent that it tells whether or not some sediments are present. 


The above criteria also are used to determine bedrock reflections below the 
bottom. Coarse glacial deposits again present a problem, but some penetration is 
usually obtained. The penetrating signal may experience reverberation, and random 
patterns of reflections may be recorded,depending upon the coarseness of the material. 
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The subbottom (or Sb horizon as shown on the records in this report) is defined 
for the purpose of interpreting the Sonoprobe records as any laterally continuous 
reflecting horizon below the bottom, except bedrock or coarse glacial material . 

This definition causes no ambiguity in the Penobscot Bay area since only one such 
reflection was found beneath the bottom, and it is physically and genetically related 
throughout the area. Cores 136, 137, 201, and 211, although not precisely defining 
the nature of this horizon, do indicate that at the depth of this horizon the sediments 
are considerably coarser than those above. 


2. Sonoprobe Runs 
a. Run | 


Run | (Figs. 4, 5, and 6), starting near Searsport and extending through the 
eastern portion ‘of the bay, illustrates nearly all of the bottom and subbottom features 
found throughout the surveyed area. From marks A to D, the bedrock trace is very 
distinct and shows characteristic reflections and topography. In this area, the sub- 
bottom reflecting horizon and the bottom are essentially flat. The subbottom horizon 
truncates against the higher peaks of bedrock at depths of akout 80 feet. The top of 
the sediments represented by this horizon are probably the late glacial clays 
described in the geology of the land areas. At this horizon, poorly sorted sands 
and pebbly sands were sampled, but since there was considerable penetration until 
bedrock was encountered, it is reasonable to assume that the sediments below the 
subbottom reflecting surface decrease in coarseness with depth. The sediments above 
the subbottom horizon are silty clays and sandy silts. 


Between fixes A and B, several channels from 2 to 18 feet deep and up to 90 
feet wide are cut into the surface layer of sediments. Channels also appear on 
several of the records over the coring sites in this general area. The channels are 
all in the northwestern portion of the northern sector of the bay in depths of 70 to 
80 feet. In the vicinity of core locations 203 through 206 (Figs. 15A to 15E), there 
are several channels extending through the subbottom layer which is found at depths 


of 90 to 115 feet. 


Between fixes B and C, faint stratification of the sediments below the subbottom 
horizon was recorded. Similar features were found at core locations 138, 139, and 
210. It is possible that this stratification represents old channel deposits of the 
Penobscot River. The corer did not penetrate these layers. 


As the subbottom goes deeper, south of mark D, the top of this layer becomes 
less sharply defined, and the contact seems to be gradational with the sediments 
above. The relief of this horizon and of the bottom becomes greater beyond this 
point. South of mark D the bedrock reflection becomes less distinct and is lost in 
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many places owing to either the greater depth of bedrock or an increase in the 
coarseness of the material above the bedrock which prevented signal penetration. 


South of mark G to mark N, the lowest reflecting horizon does not have the 
characteristics of the bedrock reflections in the beginning of the run. The topog- 
raphy of the horizon is hummocky, and the reflections seem to come from a zone 
rather than a surface. Bedrock is present between marks G and H and at mark K. 
Elsewhere, this horizon is probably coarse glacial material of varying thickness 
resting on bedrock. These deposits may be moraine, till, or stratified drift in places. 
The depressions between the ridges appear to be partially filled with coarse sediments 
showing some stratification. The well stratified sediments at fix N strongly suggest 
glacial outwash. 


The subbottom reflecting horizon over these probable glacial deposits is scat- 
tered and irregular, and the sediments appear to be draped over the high points of 
the material below. In some areas, the silts and clays above the subbottom horizon 
follow the subbottom topography, and in other places they fill in the depressions 
and tend to reduce the bottom relief. About 500 yards south of fix G, the bottom 
topography and the subbottom reflections suggest slumping of the sediments from 
the bedrock high to the south. Slumping may also account for some of the features 
found between the hummocky peaks below the bottom between marks L and N. 


b. Run Il 


In the beginning of run Il (Fig. 7), the bedrock appears to be mantled by 
coarse glacial material, overlaid by the subbottom layer. Continuing south along 
run Il, evidence of bedrock or coarse glacial material is not apparent, It is here 
that the sediments are thickest, probably on the order of 150 feet, since bedrock is 
not encountered with over 100 feet of penetration. Beyond mark M the subbottom 
horizon becomes discontinuous. At mark N,the arcuate subbottom reflections are 
probably due to lenses of coarse sediments without great lateral extent. The shapes 
of the reflections are due to the high reflectivity of the material and the spread of 
the transmitted signal as the ship passed over these reflectors. 


c. Runs VII, VIII, and IX 


Run IX (Fig. 12) begins in the south near the end of run II and extends 
northward in the western portion of the bay. In run IX, the subbottom is defined 
better than in run II, but the horizon ends abruptly between marks E and F. Up to 
this point, the bedrock trace is shown only faintly and intermittently on the record. 
North of this point it is clearly shown. The subbottom layer apparently consists of 
coarse material,causing a considerable reduction in signal penetration. The lowest 
reflecting horizon appears to be bedrock with little evidence of coarse glacial mate- 
rial above; however, run VII (Fig. 10), which parallels run IX for a portion of its 


length, shows features believed to be characteristic of coarse glacial sediments. 
The lack of similar reflections is probably due to the scales of the recordings. Run 
VII has a vertical exaggeration of about 15 times, while run IX has an exaggeration 
of 60. Run VII is probably the most representative of the actual subbottom 
conditions. 


North of mark B on run VII, the bottom is bedrock thinly covered by sediments . 
Run VIII also shows a bedrock bottom only thinly covered by sediment. Slumping 
is suggested by the subbottom reflections at mark F on run VII. 


d. Runs Ill, IV, V, and VI 


Runs Ill, IV, and V (Fig. 8) begin near mark R on run II and cover the 
area southward, the deepest part of the bay. The maximum depth is about 540 feet 
shown on run IV. The deepest portions of the basin seem to be bedrock thinly cover- 
ed by sediments. The sediments thicken to the north and west. Run VI (Fig. 9), 
continuing south from the end of these three runs, again shows bedrock covered by 
sediments which become thinner and spotty to the south. 


e. Run Xl 


Run XI (Figs. 13 and 14), in the northwest approaches to the bay, shows 
mostly bedrock with sediments filling many of the depressions. From beyond fix E 
to fix H the sediment cover is thicker, and the subbottom horizon is present in places. 


VI. CONCLUSIONS 


The sediments and subbottom evidence indicate that glaciation and marine 
submergence were the cause of most of the topographic and sedimentary features 
found in the bay and its approaches. Although Penobscot Bay undoubtedly owes 
its major morphological features to preglacial stream erosion, subbottom evidence 
indicates that glacial erosion was largely responsible for forming the basin in the 
entrance to the bay. As interpreted from the Sonoprobe records, the floor of the 
basin is bedrock mantled by a relatively thin layer of sediments. The southern 
flank of the basin has a thicker cover of sediments, but all indications are that bed- 
rock and not coarse glacial debris lies beneath these deposits. Personal observations 
of glacial striations on Mt. Battie, 7 miles north of Rockland, indicate glaciation 
parallel to the length of the bay. This direction of ice movement would tend to en- 
courage glacial scour of the valley floor. Although the topography of the land areas 
does not support this view, the bedrock geology does add a degree of credence. The 
granite contact, shown on Figure 18, probably strikes northeast through the southern 
flank of the depression. The granite lies to the south whereas more easily eroded 
rocks lie to the north. 
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BEDROCK 
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FIGURE 18. PENOBSCOT BAY AREA BEDROCK LITHOLOGY 
(after Bastin, 1908, and Smith, et.al., 1907) 
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The glacial drift lying on bedrock can only be inferred. The coarse deposits 
noted in the discussion of the Sonoprobe runs are most likely glacial material 
deposited by the last ice sheet (Cary) to occupy the preglacial Penobscot River 
valley. The stratification of some of the deposits recorded at fix N of run | are 
probably outwash deposits from the lastice sheet, or a late remnant or lobe trapped 
in the valley depression north of fix N. The material below the subbottom and a- 
bove the bedrock north of fix N to about fix L could be till and ice contact de- 
posits which record a stand of theice sheet during its regression. 


Following deglaciation, or perhaps contemporaneously with deglaciation, the 
sea inundated the coastal area to a maximum of 300 feet above present sea level. 
The sediments deposited during this time were not sampled, but probably they do not 
differ from the silty clays described in the geology of the land areas. These are 
the sediments below the subbottom horizon in Penobscot Bay. 


The two sequences of late-glacial marine sediments (Leavitt and Perkins, 1935) 
are not apparent on the Sonoprobe records. The deposits noted as till or ice-contact 
deposits on run | south of marks H and L, however, may be marine sediments deformed 
by a later advance of the ice sheet. The subbottom records do not resolve the prob- 
lem since either interpretation of these deposits may be possible. 


The sediments below the subbottom horizon were deposited in shallow water by 
sediment laden glacial meltwater in the bay and elsewhere (Bastin, 1908, and 
Goldthwait, 1949) during the transgressive phase of the marine submergence. The 
development of the subbottom horizon requires a marked change in conditions over 
the previous depositional cycle. The few cores which approached or penetrated the 
subbottom reflecting surface indicate that at or above this level the sediments are 
pebbly and silty sands. This horizon is flat north and northeast of Long Island at max- 
imum depths of 70 to 80 feet below sea level. Northwest of Long Island, inside the 
60-foot contour, this horizon drops abruptly to 90 feet and greater. Towards the 
shores in the northern sector of the bay the subbottom horizon becomes shallower . 


In the central and southern sectors of the bay, the subbottom horizon is deeper, 
becomes less continuous, is probably more variable in its degree of coarseness, and 
has considerable relief relative to the northern part of the bay. The top of the 
horizon also appears to be gradational with the sediments above and below as the 
echoes are not as sharply defined as in the northern part of the bay. 


As mentioned above, the sediments below the subbottom marker horizon are 
probably late-glacial marine clays described in the literature for the surrounding 
land areas. The sediment-Sonoprobe correlation is not precise enough to assign the 
coarse material found at or near this horizon to the top of the late-glacial clays or 
to the base of the sediments above. This may not be of great significance, however, 
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since the form and topography of this horizon does indicate a lower stand of the 

sea. This horizon is relatively flat in the northern sector of the bay and appears 

to be graded to some lower stand of the sea whereas to the south in deeper water this 
appearance and this form are lost .It is postulated that the subbottom surface in the 
northern part of the bay owes its development to a postglacial retreat of the sea 

and sediment reworking and deposition in mudflat, deltaic, or sub-deltaic environ- 
ments. 


The stratified deposits noted on run |, between marks A and B, and at core 
locations 138, 139, and 210 are all found immediate!y below the subbottom horizon 
and appear to be channel deposits of the Penobscot River. The alignment of these 
stations is suggestive of this origin. (Similar deposits were also noted at station 
152.) To the west of this area but still in the northern sector, the depth of the 
subbottom horizon increases abruptly and is cut by numerous channels. This area 
was probably in the direction of the major drainage from the Penobscot River. The 
channeling of the subbottom layer in the vicinity of stations 202 to 208 is probably 
an erosional feature developed in fairly shallow water. 


The topography on the late-glacial clays may be an original depositional fea- 
ture, but the coarse material found above, marking the subbottom horizon, requires 
a lower level of the sea at the time of deposition of the coarser sediments. The ex- 
tent of the drop in sea level is not known for this area and cannot be precisely 
determined from the evidence on hand, but it is probably on the order of 50 to 60 
feet. The date when this event took place, however, can be defined more close- 
ly. The wood obtained in core 211 at a depth of 94 inches below the bottom was 
dated by the radiocarbon laboratory of the U. S. Geological Survey (sample number 
W1306). The sample dated 7,390+ 500 years B.P. The Sonoprobe record at this 
location shows the subbottom horizon at a depth of 7 1/2 to 8 feet below the bottom. 
The sample of wood was obtained slightly above or at the depth of this horizon. 


In the earlier discussion of the glacial and postglacial history of Maine, the 
following was stated: the maximum submergence was about 11,800 years B.P., emer- 
gence was in progress 7,000 to 8,000 years ago in southwestern Maine, with the 
maximum emergence, on the order of only about 35 feet, occurring prior to 6,000 
years ago. In Boston emergence was 15 to 30 feet and occured 5,700 years B.P. The 
date for Penobscot Bay places the emergence farther back in time and was of a great- 
er extent than for any of the places mentioned above. Redfield and Rubin, (1962) 
have plotted a number of peat and wood sample dates for southern New England, New 
Hampshire, Maine, and Nova Scotia. Although the majority of the dates are for less 
than 4,000 years, the few older samples and the trends of the southern New England 
and Nova Scotia samples indicate that the Penobscot Bay date is compatible with a 
lower sea level of 50 to 60 feet. It should be noted, however, that the Maine and 
New Hampsire dates do not provide good agreement with the Penobscot Bay date. 
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Following this stage of development, the sea readvanced depositing the silty 
clays found above the subbottom layer. These sediments, as mentioned earlier, are 
fairly uniform throughout the area except in the northern sector and in the entrance 
and approaches to the bay. 


The main features of the recent sediments of Penobscot Bay are the prevalence 
of the olive-gray silty clay, lenses and laminae of sandy and silty material, and 
scattered pebbles found in the fine grained sequences of sediments. The black 
banding found in many of the cores as well as the hard clay masses and layers found 
in the cores and the similar moterial found on the surface of the sediments were also 
common. Woody material also was found in many of the cores. Nearly all the 
sediments were poorly sorted. 


In the northern sector of the bay, the cores containing coarse material grade 
upward into finer material. The lenses and laminae of silts and sands, the clay lay- 
ers and/or balls and fragments, and the pebbly and woody material all suggest 
shallow water estuarine conditions. The sea level probably rose gradually to its 
present position or above as indicated by the finer sediments upward from the sub- 
bottom horizon. Channeling such as that found at the beginning of run! would be ex- 
pected over tidal flats or very shallow water. At any rate these channels must have 
been formed at an earlier time and are still preserved. As the sea level rose, the rate 
of sedimentation decreased to its present condition. Some fine-grained sedimentation 
is probably taking place in the northern part of the bay and on the tidal flats and 
marshes. The sediments are being derived largely from the reworking of the bay 
deposits farther south. 


The usefulness of the Sonoprobe as a tool for studying the Pleistocene and Recent 
geologic history of Penobscot Bay has been demonstrated. The principal advantage 
of this survey method is to provide continuity and to delineate the morphology of sub- 
bottom reflections throughout the area under study. Although direct correlation of 
vertical lithologic changes and Sonoprobe reflections was not always possible, the 
lack of correlation is not in itself a shortcoming of the instrument. Correlation 
from core to core was equally difficult. Moreover, the properties of bottom deposits 
or the magnitude of changes in the physical properties, required to produce a reflec- 
tion of the acoustic signal are not precisely known. The Sonoprobe does define 
changes in bottom and subbottom characteristics or type that may be only subtly re- 
flected in the physical properties of the sediments. These changes, so well shown 
on the Sonoprobe records, may be difficult to distinguish in cores. 


The subbottom horizon in Penobscot Bay could not have been defined in depth, 
lateral extent, or morphology of its reflecting surface by the bottom sampling pro- 
gram alone. In addition, the slump structures, the bedrock basin, and the subbottom 
glacial deposits are features which could not have been defined so readily and graph- 
ically by other means. 
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The Sonoprobe provides a ready means of determining facies changes , and 
when combined with a bottom sampling program, it can provide meaningful data 
over a large area with a minimum of bottom samples. The Sonoprobe was used to 
a limited degree in the Penobscot Bay survey to determine the type of bottom 
sampler to use at many of the stations. Used to its fullest extent, the number of 
bottom samples could have been reduced to a fraction of those obtained. 


Members of the survey party were Mr. R. L. Cory, Party Chief, Mr. John 
R. DePalma, Mr. A. P. Franceschetti, and the author. 
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Mr. Meyer Rubin of the Radio Carbon Laboratory of the U. S$. Geological 
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Mr. R.L. Cory, Party Chief of the Penobscot Bay Survey, who was re= 
sponsible for the excellent cores, grab samples, and subbottom records used 
in this report. 


And my colleagues of the Oceanographic Branch of the U. S. Naval 
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report. 
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APPENDIX 


LIST OF ALL BOTTOM SEDIMENT STATIONS TAKEN 
DURING 1959 PENOBSCOT BAY SURVEY 


BOTTOM SEDIMENT ANALYSIS SHEETS 
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Station 
No. 


1 to 39 See Appendix 


40 to 50 
5] 


110 
11] 


112 
113-1 
113-2 
114 
115 
116 


LIST OF ALL BOTTOM SEDIMENT STATIONS TAKEN 


Station 
Position® 


43°55'48"N 
69 05 57 W 


43 49 57 N 
69 14 10 W 
43 47 28 N 
69 1735 W 


43 4706 N 
69 02 27 W 


43 5600 N 
68 56 06 W 
43 5603 N 
68 57 54 W 
43 57 24 N 
68 57 54 W 


DURING 1959 PENOBSCOT BAY SURVEY 


Description 
Presented in 


Table 2 


No 


Not Incl. in Report 


No 
No 
No 
Not Incl. 
No 
Not Incl. 
No 
Yes 


Yes 
Yes 
Yes 
Yes 


Yes 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 


bs An . ° 
If position is not given see 
Bottom Sediment Analysis Sheet 


in Report 


in Report 


Sonoprobe Record 
shown on 


Figures 15A to 15E 
No 


Summary Sheet 
presented in 
Appendix 


Yes 


Yes 
Yes 
Yes 


Yes 


Yes 
Yes 


No 
Yes 
Yes 
Yes 


No 


No 
Yes 
Yes 


No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


No 
No 


No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


LIST OF ALL BOTTOM SEDIMENT STATIONS TAKEN 
DURING 1959 PENOBSCOT BAY SURVEY (Continued) 


Station Station Description Sonoprobe Record Summary Sheet 
No. Position* Presented in shown on presented in 
Table 2 Figures 15A to 15E Appendix 

117 No No Yes 
118-1 Yes No Yes 
118-2 Yes No No 
119-1 No No Yes 
119-2 No No Yes 
120-1 No No Yes 
120-2 No No Yes 
121 No sample attempted 
122 Yes No Yes 
123 Yes Yes Yes 
124-1 Yes No Yes 
124-2 Yes No Yes 
125 44°11'52"N 

69 0159 W Yes Yes No 
126-1 Yes Yes Yes 
126-2 Yes Yes Yes 
127 Yes Yes Yes 
128 Yes No yi! Yes 
129-1 Yes No Yes 
129-2 Yes Yes Yes 
130 Yes Yes Yes 
131 Yes No Yes 
132 Yes No Yes 
133 Yes No Yes 
134-1 No Yes No 
134-2 Yes Yes Yes 
135-1 Yes No Yes 
135-2 Yes No Yes 
136 Yes Yes Yes 
137-1 Yes No Yes 
137-2 Yes Yes Yes 
138 Yes Yes Yes 
139 Yes Yes Yes 
140 Yes Yes Yes 
141 Yes Yes Yes 
142 Yes No Yes 
143 44 1609 N 

68 49 58 W Not analyzed in laboratory 
144 Yes No Yes 
145 Yes No Yes 
146 Yes No Yes 
147 No No Yes 
148 Yes Yes Yes 
149 Yes No Yes 


* iF position is not given see 
Bottom Sediment Analysis Sheet 
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LIST OF ALL BOTTOM SEDIMENT STATIONS TAKEN 
DURING 1959 PENOBSCOT BAY SURVEY (Continued) 


Station Station Description 
No. Position®™ Presented in 
Table 2 

150 Yes 
151 Yes 
152 Yes 
153 Yes 
154 Yes 
155 44°13'17"N 

68 57 55 W Yes 
156 Yes 
157 Yes 
158 Yes 
159 No 
160 Yes 
161 Yes 
162 44 04 49 N 

68 57 56 W Yes 
163 Yes 
164 44 0145 N 

68 57 59 W Yes 
165 44 0013 N 

68 57 56 W Yes 
166 Yes 
167 43 59 13 N 

68 55 32 W Yes 
168 43 58 52 N 

68 5411 W Yes 
169 Yes 
170 Yes 
17] Yes 
172 43 5716 N 

68 50 04 W Yes 
173 43 5721 N 

68 5203 W Yes 
174 Yes 
175 Yes 
176 43 5725 N 

68 56 02 W Yes 
177 Yes 
178 No 
179 Yes 
180 Yes 
18] Yes 
182 Yes 
183 Yes 
184 Yes 


* Sean F 
If position is not given see 
Bottom Sediment Analysis Sheet 
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Sonoprobe Record 
shown on 


Figures 15A to 15E 


No 
No 
Yes 
No 
Yes 


Yes 
No 
No 
No 
No 
No 
No 


No 
Yes 


No 


No 
Yes 


No 


No 
No 
No 
No 


No 


Yes 
No 
No 


No 
No 
No 
No 
No 
No 
No 
No 
No 


Summary Sheet 
presented in 
Appendix 


Yes 
Yes 
Yes 
Yes 
Yes 


No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


No 
Yes 


No 


No 
Yes 


No 


No 
Yes 
Yes 
Yes 


No 


No 
Yes 
Yes 


No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


LIST OF ALL BOTTOM SEDIMENT STATIONS TAKEN 
DURING 1959 PENOBSCOT BAY SURVEY (Continued) 


Station Station, Description Sonoprobe Record Summary Sheet 
No. Position® Presented in shown on presented in 
Table 2 Figures 15A to 15E Appendix 
185 Yes Yes Yes 
186 Yes No Yes 
187 Yes No Yes 
188 Yes No Yes 
189 Yes No Yes 
190 Yes Yes Yes 
191 Yes No Yes 
192 Yes Yes Yes 
193 Yes No Yes 
194 Yes No Yes 
195 Yes No Yes 
196 Yes No Yes 
197 Yes No Yes 
198 Yes No Yes 
199 Yes Yes Yes 
200 Yes Yes Yes 
201 Yes Yes Yes 
202 Yes No Yes 
203 Yes Yes Yes 
204 Yes Yes Yes 
205 Yes Yes Yes 
206 Yes Yes Yes 
207 Yes Yes Yes 
208 Yes Yes Yes 
209 Yes Yes Yes 
210 Yes Yes Yes 
211 Yes Yes Yes 
22 Yes No Yes 
213 Yes No Yes 
214 Yes Yes Yes 
215 Yes No Yes 
216 Yes No Yes 
217 Yes No Yes 


Xm team snes : 
If position is not given see 
Bottom Sediment Analysis Sheet 
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BOTTOM SEDIMENT ANALYSIS SHEETS 


Results of bottom sediment analysis performed by the U.S.Naval Oceanographic 
Office are recorded on sediment analysis sheets. 


The following items are descriptions of the terms employed on the sediment 
analysis sheets: 


1. Sample Number. This number has 3 parts: 66 (the area) 
1 (the station number) 
1 or 2 (the sample number at the station) 


Latitude. Expressed in degrees, minutes, and seconds. 
Longitude. Expressed in degrees, minutes, and seconds. 
Date. Day (GMT), month, and year. 


Sampler Type. Identified by name of device employed. Shown only for core. 


an a F&F W ND 


Water Depth (fm.). The uncorrected sonic sounding recorded in fathoms . 


7. Core Length (in.). Recorded in inches as observed in the laboratory. This 
information is not given when a grab sampler was employed. Shown only for cores. 


8. Core Penetration (in.). Recorded in inches as observed in the field. This 
information is not given when a grab sampler was employed. Shown only for cores. 


9. Laboratory Number. A reference number assigned to a fraction of a sample 
retained by the Laboratory. 


10. Subsample Depth in Core (in.). Interval of the subsample as measured from 
the top of the core. Not applicable for a grab sample. Shown only for cores. 


11. Color. Based on the Geological Society of America Rock-Color Chart. For 
those samples where color was not determined in the field, the sample was moistened 
in the laboratory for a color determination. 


12, Odor. A qualitative description of any noticeable odors. 
13. Wet Density (Ibs/ft3). Not determined. 

14. Rigidense (mm). Not determined. 

15. Maximum Porosity (%). Not determined. 


16, Minimum Porosity (%). Not determined. 
17. Water Content (%). Not determined. 


18. Organic Carbon Content (%). Not determined. 
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19. Size Analysis and Statistical Measures. Sample size fraction values are 
based on dry weight and given in phi (Z) units to the nearest whole percent. An 
American Instrument Company sieving machine and U. S. standard sieves were used 
for determining sand and larger size fractions (> 1/16 mm). The pipette method, 
based on Stokes Law (for computing settling rates of spherical particles), was used 
to determine silt size (1/16 to 1/1256 mm) and clay size particles (1/1256 to 1/4096 
mm). Any colloidal material (< 1/4096 mm) was included with the clay. 


QD¢ - (phi quartile deviation). Is that statistical parameter which is 
a measure of one half of the spread of the quartiles and is expressed in 
phi units with the given value computed from the formula: 


Sh Sy 
2 


QD¢g = 


Sorting referred to in the text was determined in accordance with the 
relationship between QD¢ and Trask's Sorting Cofficient (So) * 


Sk¢ - (phi quartile skweness). Is that statistical parameter which is 

a measure of half the sum of the first and third quartile values less 

the median and is expressed in phi units with the given value computed 
from the formula: 


Sie Se 
2 


Mdg = (phi median). Is the middlemost member of the distribution curve 
above which 50 percent of the diameters in the distribution are larger 
and below which 50 percent of the diameters are smaller and is ex- 
pressed in phi units. 


Sk¢ = - Mdg 


se 
Reference to Sorting 


Krumbein, W. C., and F. J. Pettijohn, 1938, Manual of sedimentary petrography . 
Appleton-Century-Croft, New York, 549 pp. 


Page 235, Fig. 110. Conversion chart for So and QD¢. log 980 = QDg 
QD¢g <1.32 = well sorted 


1.58 = normally sorted sediment 
>2.18 = poorly sorted 
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The following table is presented for the conversion of phi units to 
millimeters: /-¢ 2 logy diameter (millimeters) 7 


Phi (9) Millimeters Geological Classification 
-2 4.0 
-1 220 Granule 
0 1.0 
1 0.50 
2 0.25 
3 O125 
4 0.0625 Sand 
5 0.0313 
6 0.0156 
7; 0.0078 
8 0.0039 
2 0.00195 Silt 
>9 ------- Clay 


20. Subsample Dry Weight (gm.). Total dry weight of the subsample. 


21. Sphericity (avg.). Not determined. 


22. Plasticity. A qualitative description of the sediments plastic character- 
istics at the time the sample was analyzed in the laboratory. 


23. Shell Con. A visual estimate of the percentage of sample that is shell. 


24, 25, and 26. Dominant, Secondary, and Other Minerals (%). Not determined. 
27. Remarks. 
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U.S. Naval Oceanographic Office 

BOTTOM AND SUBBOTTOM INVESTIGATION 
OF PENOBSCOT BAY, MAINE, 1959, April 
1965. 177 p., including 22 figures, 2 tables, 
2 plates. (N.O.O. TR-173). 


Contains Bottom Sediment results and Sono- 
probe Records obtained during 1959 Penobscot 
Bay, Maine, inshore survey. The Sonoprobe is 
described and its operation is explained; geology 
and previous work done in area are discussed, 
and Sonoprobe records and Sediments are cor- 
related. Sonoprobe records for 10 runs are 
presented. 


Appendix contains a tabulated list of bottom 
sediment samples collected and bottom sediment 
analysis sheets for 168 bottom sediments . 
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